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The fertilized eggs of "Nanhai 2" Penaeus monodon bred by our research group 
were incubated at the same temperature (30℃), different salinity (20, 25, 30, 
35, 40), different pH (7.0, 7.5, 8.0, 8.5, 9.0) and different alkalinity (2.0 
mmol/L, 2.5 mmol/L, 3.0 mmol/L, 3.5 mmol/L, 4.0 mmol/L) to explore the 
effects of salinity, pH and alkalinity on hatching rate of fertilized eggs of P. 
monodon. The results showed that the hatching rate of fertilization rate of P. 
monodon was closely related to salinity, and the best hatching rate was 
obtained when the seawater salinity was 30 with the average hatching rate was 
82.60%. The hatching rate was very low when the salinity was as low as 20 or 
as high as 40, which was significantly lower than that of other treatments 
(P<0.05). The hatching effect of the fertilized eggs of P. monodon was closely 
related to the pH value of seawater, and the slightly alkaline seawater was 
conducive to the normal development of the fertilized eggs. Among them, the 
hatching effect of the seawater pH value of 8.0 was the best, and the average 
hatching rate of the fertilized eggs was 80.62%. Too low or too high pH value 
of the seawater was not conducive to the development of the embryo, and the 
hatching rate of the fertilized eggs decreased in varying degrees. There was no 
significant correlation between the hatching effect of fertilized eggs and the 
change of seawater alkalinity. The average hatching rate of fertilized eggs 
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Introduction 
The black tiger shrimp (Penaeus monodon, Crustacea, Decapoda, Penaeidae) is the most 
widely farmed species in the world and the species of choice for many farmers due to its 
rapid growth rate, low-cost food requirements and ability to reach a larger size than other 
commonly farmed species (Song et al., 2018; Song et al., 2019; Kenway et al. 2006). 
However, in recent years, due to the eutrophication of coastal areas and the decline of sea 
water quality, shrimp breeding in Guangdong, Guangxi, Hainan and other provinces in 
China has encountered common problems, and there are many diseases in the breeding 
processes, which are difficult to control(Lin et al., 2019). In particular, the acidification of 
sea water which cause the egg membrane to soften and lose their elasticity, and enables 
the embryo easily to break the membrane and die (Liang et al., 1999). In the artificial 
propagation of P. monodon, low hatching rate, abnormal embryo development and larval 
slime disease often occur, these seriously affect the quality, yield and management 
efficiency of the shrimp hatching farms (John et al., 1992; Anand et al., 2019; Primavera 
et al. 1981). Wongprasert et al. used the artificially cultured mature P. monodon, when 
they studied the embryonic development of P. monodon and the effects of temperature 
and salinity on embryonic development and process from egg production, during which the 
hatching of larvae was observed and described. The results showed that under the 
condition of water temperature of 29.5℃  and salinity of 28, the whole embryonic 
development process took about 12 hours (Wongprasert et al., 2006). Different water 
temperature and salinity led to significant effects on the hatching time and fertilization rate 
of fertilized eggs. The experimental water temperature decreased from 29.5℃ to26.8 ℃, 
and the incubation time increased from 11.3 h to 15 h. The optimal incubation temperature 
was 28℃-30℃, and the optimum salinity was 27.93-33.01. When the salinity was lowered 
than 22 or increased higher than 38, the fertilized eggs could not develop normally 
(Primavera et al., 1981). However, the effects of pH and alkalinity on the development of 
fertilized eggs of artificial breeding of P. monodon have not been reported yet.  
 It is of great significance for the development of P. monodon artificial breeding and 
aquaculture industry to find out the optimal range of environmental factors for the hatching 
of fertilized eggs. In this study, seawater with different salinity, pH and alkalinity gradients 
were set up to carry out the incubation experiment of artificial breeding of P. monodon. By 
observing and comparing the hatching effect of each experimental group, the optimal 
salinity, pH value and alkalinity of the fertilized eggs of P. monodon were explored, so as 
to provide reference for improving the production efficiency of artificial breeding of P. 
monodon. 
    
Materials and Methods 
Experimental materials 
 The experiment was conducted in Shenzhen Base of South China Sea Fisheries 
Research Institute, Chinese Academy of Fisheries Sciences in April, 2020. The fertilized 
eggs were obtained from the broodstock shrimp "Nanhai 2" which were cultured by our 
research group. The reagents used in the experiment were sodium chloride, hydrochloric 
acid (analytical purity), industrial sodium hydroxide[NaOH], industrial sodium 
bicarbonate[Na2HCO3], potassium hydrogen phthalate [C8H5KO4] standard buffer solution 
(pH=6.86, 25℃), mixed indicator of methyl red and methylene blue (The reagents above 
were purchased from Guangdong Ruibo Biotechnology Co., Ltd.). The sea water used in 
the experiment was natural seawater, which was used for standby after disinfection, 
sedimentation and filtration. The instruments used in the experiment were analytical 
balance (la230s, sartorius), pHs-3c type pH meter, thermometer, salinity meter, 10 plastic 
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Experimental methods 
Effects of different salinity on hatching rate of fertilized eggs of P. monodon 
 The hatching effect of fertilized eggs under different salinity conditions was observed 
and compared under the condition of constant incubation water temperature (30 ℃) and 
pH value. Five salinity gradients and three replicates were set for each gradient. The 
volume of the experimental bucket was 30 L, and each bucket was filled with 20 L seawater. 
The salinity of the incubation bucket was adjusted to 20, 25, 30, 35 and 40 by adding 
sodium chloride or fresh water. High salinity seawater was calculated by the formula  
VX=V1(S1-S2)/S2  
 where VX was cubic number of freshwater to be added, V1 was the volume of raw 
seawater, S1 and S2 were original seawater salinity and adjusted salinity respectively. 
While low salinity seawater was calculated by adding 1 degree of salinity per cubic meter 
of water and adding 1 kg of sodium chloride. In each incubator, the gas was slightly inflated 
continuously. About 1500 newly produced fertilized eggs were put into each incubator. 
After hatching for 18 hours, the nauplii of each hatching bucket was counted to establish 
the hatching rate of fertilized eggs. 
 
Effects of different pH values on hatching rate of fertilized eggs of P. monodon 
 The hatching effect of fertilized eggs under different pH values was observed and 
compared under constant water temperature (30℃). The salinity was measured with the 
same used in the first experiment. Five pH gradients and three replicates were set for each 
gradient. The pH value of each incubation bucket was adjusted to 7.0, 7.5, 8.0, 8.5 and 
9.0 respectively with hydrochloric acid or sodium hydroxide. In each incubator, the gas 
was slightly inflated continuously. About 1500 fertilized eggs were put into each incubator. 
After hatching for 18 hours, the nauplii of each hatching bucket was counted to calculate 
the hatching rate of fertilized eggs. 
 
Effects of different alkalinity on hatching rate of fertilized eggs of P. monodon 
 The fertilized eggs of P. monodon were incubated in seawater with different alkalinity 
rates under incubation temperature (30℃) and salinity (the optimum salinity of Experiment 
1). Five alkalinity gradients and three replicates were set for each gradient. Sodium 
carbonate was used to increase the alkalinity of seawater in each incubator by 0%, 25%, 
50%, 75% and 100% respectively. One air stone was placed in each hatching bucket, and 
continuous weak aeration was conducted to increase oxygen. About 1500 newly born 
fertilized eggs were put into each incubator. After hatching for 18 hours, the nauplii of each 
hatching bucket was counted to calculate the hatching rate of fertilized eggs. 
 
Results 
Effects of different salinity on hatching rate of fertilized eggs of P. monodon 
 The hatching effect of fertilized eggs of P. monodon in different salinity concentration 
of the seawater was shown in Table 1.  
 
Table 1 Effects of different salinity on hatching rate of fertilized eggs of Penaeus 
monodon 





rate/% Repeat 1 Repeat 2 Repeat 3 
30 8.0 20 11.02 13.95 13.58 12.42 12.85d 
30 8.0 25 77.15 71.51 71.96 4.26 73.54b 
30 8.0 30 86.66 80.11 81.08 4.28 82.60a 
30 8.0 35 50.35 45.29 50.18 5.91 48.61c 
30 8.0 40 4.96 7.81 7.82 24.02 6.86d 
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 The hatching rate of fertilization rate of P. monodon was closely related to salinity. 
When the salinity was too low or too high, it affected the embryonic development of 
fertilized eggs. Among the five salinity gradients, salinity 30 PPT got the best hatching rate, 
with an average of 82.60%, followed by 25 PPT, with an average hatching rate of 63.54%; 
when the salinity was 35 PPT, the hatching rate of fertilized eggs was only 48.61% and 
when it dropped to 20 PPT and increased to 40 PPT, the hatching rate of all the fertilized 
eggs were significantly lower. 
Effects of different pH values on hatching rate of fertilized eggs of P. monodon 
The hatching effects of the fertilized eggs of P. monodon in different pH values were shown 
in Table 2.  
 
Table 2 Effects of different pH values on hatching rate of fertilized eggs of Penaeus 
monodon 





rate/% Repeat 1 Repeat 2 Repeat 3 
30 7.0 30 70.24 64.08 64.62 5.14 66.31c 
30 7.5 30 76.14 73.55 72.84 2.34 74.18b 
30 8.0 30 78.24 83.11 80.51 3.02 80.62a 
30 8.5 30 78.20 76.94 73.69 3.05 76.28ab 
30 9.0 30 62.07 63.27 61.09 1.76 62.14c 
 
The data in Table 2 shows that: under the conditions of incubation temperature of 30 ℃ 
and salinity of 30 ℃, the hatching effect of fertilized eggs of P. monodon was closely related 
to the pH value of seawater. The slightly alkaline seawater was conducive to the normal 
development of fertilized eggs, and the hatching rate was higher. Too low or too high pH 
value of seawater negatively affected the development of the embryos, and the hatching 
rate of fertilized eggs decreased in different degrees. The results showed that the hatching 
rate of fertilized eggs was 80.62% at pH 8.0, 76.28% at pH 8.5, 62.14% at 9.0, and 
66.31% at 7.0. 
 
Effects of different alkalinity on hatching rate of fertilized eggs of P. monodon 
 The hatching effect of fertilized eggs of P. monodon in different alkalinity seawater was 
shown in Table 3.  
 
Table 3 Effects of different alkalinity on hatching rate of fertilized eggs of Penaeus 
monodon 





rate/% Repeat 1 Repeat 2 Repeat 3 
30 30 2.0 80.56 83.49 83.17 1.95 82.41a 
30 30 2.5 84.31 82.73 82.31 1.27 83.12a 
30 30 3.0 84.51 80.52 82.06 2.44 82.36a 
30 30 3.5 80.69 81.44 78.36 2.00 80.16a 
30 30 4.0 80.25 77.89 77.82 1.76 78.65a 
 
 It can be seen from the experimental results in Table 3 that there was no significant 
correlation between the hatching effect of fertilized eggs of P. monodon and the change of 
seawater alkalinity under the conditions of incubation seawater temperature of 30℃ and 
salinity of 30℃. In the alkalinity range of 2.0-4.0mmol/l, the change of alkalinity had no 
significant impact on the development of fertilized eggs, and the average hatching rate of 
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fertilized eggs ranged from 78.65% to 83.12% and there were no significant difference 
among the three groups. 
 
Discussion 
Effect of salinity on hatching rate of fertilized eggs of P. monodon 
 The development of fertilized eggs of P. monodon was affected by osmotic pressure, 
and the osmotic pressure regulation of P. monodon embryos was directly affected by 
salinity (Liang et al., 1999). The osmotic pressure of fertilized eggs could be maintained at 
a relatively stable level through self-regulation within the suitable salt range (Xue et al., 
2012). In this experiment, the results showed that the change of salinity had a great 
influence on the hatching rate of fertilized eggs of P. monodon. When the salinity was as 
low as 20 PPT or as high as 40 PPT, the fertilized eggs were not able to develop normally. 
The main reason was that the change of seawater salinity reflects the difference of 
inorganic ion content in water body, and the latter would change the osmotic pressure of 
seawater. Any kind of aquatic organisms had a certain range of adaptation to osmotic 
pressure, beyond which the normal physiological metabolism of organisms will affected 
survival (Neuparth et al., 2002). In the range of suitable salinity, each species had a certain 
ability to regulate osmotic pressure, which was a physiological process that consumes 
energy (Zhou et al., 2020). Although the adult shrimps of P. monodon was able to adapt 
to a wide range of salinity and be cultured in waters with salinity of 2-40 (Jiang et al., 
2018), and the results of this experiment showed that the requirements of salinity for the 
embryonic development of fertilized eggs were stricter. In order to improve the hatching 
rate in production, the salinity should be about 30 PPT. 
 
Effect of pH value on hatching rate of fertilized eggs of P. monodon 
 In the development of fertilized eggs of P. monodon, the pH value of hatching water 
was a very important factor (Md et al., 2005). In the water with low or high pH, the 
fertilized eggs died due to the corrosion of the epidermal cells and the incomplete 
development of the ion regulation mechanism (Noor-Hamid et al., 1994). In this 
experiment, the results showed that the hatching rate of fertilized eggs of P. monodon was 
80.62% at pH 8.0, but the average hatching rate of fertilized eggs was 40.31% and 
54.12% respectively when pH value was 7.0 and 9.0. The reason for this phenomenon 
might be that the cell membrane of the fertilized eggs had limited regulation ability. The 
change of pH value in a certain range would not affect the normal development of the 
embryo, but once the change exceeded a certain range, it would affect the balance of the 
internal environment of the embryo, and then caused damage to it. For example, if the pH 
value was too low, the fertilized egg membrane would soften and lost its elasticity, and the 
embryo was easy to break the membrane and die; if the pH value was too high, the egg 
membrane would dissolve earlier and the embryo would die in the midway. Therefore, the 
pH value of incubation water should be kept around 8.0 in seedling production. 
 
Effect of alkalinity on hatching rate of fertilized eggs of P. monodon 
 Carbonate and other alkaline substances were able to complicate with heavy metal ions 
in water, and even form precipitation, which reduced the concentration of free metal ions 
in water, thus reducing the toxicity of heavy metals (Gopalakrishnan et al., 2011). 
Alkalinity also adjusted the relationship between CO2 production and consumption and 
stabilize the pH value of water (Zhang et al., 2011; Zhan et al., 2013). Therefore, in the 
water where the fertilized eggs of P. monodon hatch, keeping proper alkalinity was 
conducive to the normal development of the fertilized eggs. In the range of 2.0-4.0 
mmol/L, alkalinity had no toxic effect on the development of fertilized eggs of P. monodon. 
The hatching rate of fertilized eggs ranged from 78.65% to 83.12%. Analysis of variance 
showed that there was no significant difference in the hatchability of fertilized eggs in the 
range of alkalinity 2.0-4.0 mmol/L, which showed that the above concentrations were 
within the safe concentration range. 
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